The Chinese Loess Plateau region has long been suffering from serious soil erosion. Thus, large-scale afforestation has continued during the past decades in order to control soil erosion. Afforestation can dramatically alter nutrient cycles, affect soil-carbon storage, and change hydrology. However, it is unknown how afforestation influences species diversity of the soil seed bank and understory vegetation compared with spontaneous restoration of abandoned land. Forest land with trees planted 30 years ago, abandoned slope land restored spontaneously for 30 years, and the corresponding slopes with remnant natural vegetation were selected as sampling sites. The species richness both in the soil seed bank and vegetation was significantly higher on the afforested slope compared to the spontaneously restored abandoned land. The species similarity between the afforested slope and the remnant slope land was high both in the soil seed bank and standing vegetation compared to the abandoned land. The soil seed bank density varied from 1778 ± 187 to 3896 ± 221 seeds/m 2 , and more than half of it was constituted by annual and biennial species, with no significant difference among sampling habitats. However, the afforested slope had higher seed density of grass and shrub/subshrubs compared to the abandoned slope. The present study indicates that in the study region, characterized by serious soil erosion, afforestation can better facilitate vegetation succession compared to spontaneously restoration of abandoned slope land.
Introduction
Soil erosion is regarded as one of the global environmental problems which cause land degradation and ecosystem disequilibrium [1] . In the Chinese hill-gullied Loess Plateau region, soil erosion is frequent and serious because of the special climate, complex landform and intensive human activity [2, 3] . Previously, a large part of the natural vegetation had been destroyed and the land turned into farmland, thus aggravating soil erosion and ecological degradation [3] . It is estimated that nearly 1.6 billion tons of soil are lost from the plateau each year, and droughts, floods, and dust storms are common occurrences [4] . Therefore soil and water conservation is a vital problem that compromises the safety of both ecosystem and society. Revegetation is an effective approach to control soil erosion and improve the ecosystem. The presence of grass or trees can reduce runoff and conserve soil and water [5] [6] [7] . Thus, slope farmlands have been increasingly abandoned for revegetation [2, 3] .
Soil Samples and Standing Vegetation Investigation
In order to investigate the influence of afforestation on the soil seed bank, a south-facing slope planted with R. pseudoacacia and subject to natural succession for 30 years (Ps), and a north-facing slope planted with C. korshinskii and subject to natural succession for 30 years (Pn) were selected to collect soil samples. At the same time, south-facing and north-facing slope lands with remnant natural vegetation were selected (Rs and Rn, respectively). The soil samples prepared for germination experiments were collected in the four types of habitats. Nine plots, each 5 m × 5 m, were located on each habitat. At each plot, 20 soil cores (diameter 4.8 cm) were collected in the 0-10 cm soil layers. The soil samples were collected in April, July and October in 2009. Additionally, the data about two abandoned slope lands (one a south-facing slope and the other a north-facing slope) with spontaneous restoration for 30 years (As and An, respectively) were used for comparison with the afforestation site. The soil seed bank samples in these two slopes were collected in April, August, and October in 2005. Every time, six 10 cm × 10 cm soil samples of 0-10 cm in depth were collected separately from each slope. The understory vegetation and the standing vegetation on the remnant slope land and on the abandoned slope land were investigated in July of the study year. Three 1 m × 1 m quadrats were surveyed in each sampling plot. The species composition was studied by recording the species that grew in the quadrat. The density of a given species was calculated as the number of individuals of that species per square meter. The coverage of each plant species was estimated by two experts at the same time.
Germination Experiments
The soil seed bank was identified using the germination method after the soil samples had been concentrated. The air-dried soil samples were sieved using a pore size of 0.15 mm, and the soil retained in the sifter was the concentrated soil samples [51] . The germination experiment was conducted in a greenhouse. The concentrated soil samples were distributed over a 2 cm deep perlite layer in 24 × 15 × 5 cm plastic trays, to obtain a 0.5 cm high layer. During the experiments, the temperature in the greenhouse fluctuated between 11 and 35 • C, with a mean value of 25 • C. The germination trays were watered regularly. The seedlings were identified and removed, or replanted for later identification. The soil was dried and thoroughly stirred for the next germination period when no seedlings emerged within two weeks after the peak of seedling emergence. The germination experiment was terminated when there was no seedling emergence for four weeks, and the germination continued for approximately four months (15 March to 15 July in 2009). Also, the soil seed bank samples collected in 2005 were identified using the germination method [52] .
Statistical Analysis
We characterized species richness, diversity and evenness in each habitat, in order to reveal the influence of afforestation on the soil seed bank and understory vegetation. Three species diversity indices were employed:
(1) Species number as the richness index (S).
(2) Shannon-Wiener diversity index (H ):
where S is the number of species, P i is the proportion of individuals or the abundance of the ith species expressed as a proportion of the total number of species in the community, and ln is the natural logarithm. In order to reveal the differences in species composition between the soil seed bank and standing vegetation in the same and different habitats, Sorensen similarity coefficient was employed:
where CC is the Sorensen similarity coefficient; w is the number of species present in both plots; a and b are the number of species in each of the investigated plot. Species were ascribed to functional groups: annuals and biennials, perennial grasses, perennial herbs, semi-scrubs and shrubs, trees.
The differences in species diversity in both the soil seed bank and standing vegetation over different habitats were analyzed using ANOVA. The soil seed density was transformed using log(x + 1) to satisfy the homogeneity of variance assumption.
Results
The soil seed bank density was significantly different among the habitats (F = 3.988, p = 0.007) (Figure 1 ). On the south-facing slope, the seed bank density was significantly lower on the abandoned land (1778 ± 187 seeds/m 2 ) than on both the planted slope land (3415 ± 415 seeds/m 2 ) and the land with remnant vegetation (3249 ± 348 seeds/m 2 ), but there was no significant difference between the last two. On the north facing-slope, the seed bank density on the planted slope land (2600 ± 378 seeds/m 2 ) was significantly lower than in the other two habitats. The soil seed bank species richness varied between 7.0 ± 0.4 and 23.4 ± 1.2, and was significantly different among the habitats (F = 27.235, p < 0.001). The species richness was significantly higher on the planted slope than on both the southand north-facing slopes of the abandoned land. However, the species richness was higher on the slope with remnant vegetation than on the planted slope, especially on the north-facing slope.
species richness varied between 7.0 ± 0.4 and 23.4 ± 1.2, and was significantly different among the habitats (F = 27.235, p < 0.001). The species richness was significantly higher on the planted slope than on both the south-and north-facing slopes of the abandoned land. However, the species richness was higher on the slope with remnant vegetation than on the planted slope, especially on the north-facing slope. Soil seed bank density and species richness varied among different habitats (Ps/Pn-south/north-facing afforested slope land, As/An-south/north-facing abandoned slope land with spontaneous restoration, Rs/Rn-south/north-facing slope lands with remnant natural vegetation. The letters "a, b, c" above the bar indicates significant difference at the 0.05 level).
The vegetation coverage varied significantly in the different habitats (F = 10.488, p < 0.001) ( Figure 2 ). The understory vegetation on the south-facing planted slope had the lowest coverage (15.8 ± 0.9%), which was significantly lower than in the other two habitats. On the north-facing slope, the understory vegetation had the lowest coverage (26.0 ± 2.4%), which was close to the vegetation coverage on the remnant slope and significantly lower than the vegetation coverage on the abandoned slope. The species richness varied between 5.0 ± 0.7 and 11.2 ± 1.6, and was significantly different among habitats (F = 9.660, p < 0.001). The species richness on the abandoned slope was significantly lower than on the planted slope and the remnant slope, on both south-and north-facing aspects. The vegetation coverage varied significantly in the different habitats (F = 10.488, p < 0.001) ( Figure 2 ). The understory vegetation on the south-facing planted slope had the lowest coverage (15.8 ± 0.9%), which was significantly lower than in the other two habitats. On the north-facing slope, the understory vegetation had the lowest coverage (26.0 ± 2.4%), which was close to the vegetation coverage on the remnant slope and significantly lower than the vegetation coverage on the abandoned slope. The species richness varied between 5.0 ± 0.7 and 11.2 ± 1.6, and was significantly different among habitats (F = 9.660, p < 0.001). The species richness on the abandoned slope was significantly lower than on the planted slope and the remnant slope, on both south-and north-facing aspects. In total, this study identified 88 species belonging to 35 families in the soil seed bank and in the standing vegetation (Table 1 ). In particular, 63 species belonging to 24 families and 50 species belonging to 20 families were identified in the soil seed bank and standing vegetation, respectively. The species belonging to composite, gramineae and leguminosae represented a large part of the identified species. The total number of species in the soil seed bank varied from 14 to 43 in different habitats. The slope remnant vegetation had the highest species number, whereas the abandoned slope land had the lowest species number. In the standing vegetation, the total species number varied from 12 to 27, and the lowest species number was recorded on the abandoned land. Vegetation coverage and species richness varied among different habitats (Ps/Pn-south/north-facing afforested slope land, As/An-south/north-facing abandoned slope land with spontaneous restoration, Rs/Rn-south/north-facing slope lands with remnant natural vegetation. The letters "a, b, c" above the bar indicates significant difference at the 0.05 level).
In total, this study identified 88 species belonging to 35 families in the soil seed bank and in the standing vegetation (Table 1 ). In particular, 63 species belonging to 24 families and 50 species belonging to 20 families were identified in the soil seed bank and standing vegetation, respectively. The species belonging to composite, gramineae and leguminosae represented a large part of the identified species. The total number of species in the soil seed bank varied from 14 to 43 in different habitats. The slope remnant vegetation had the highest species number, whereas the abandoned slope land had the lowest species number. In the standing vegetation, the total species number varied from 12 to 27, and the lowest species number was recorded on the abandoned land. Note: Ps/Pn-south/ north-facing afforested slope land, As/An-south/north-facing abandoned slope land with spontaneous restoration, Rs/Rn-south/north-facing slope lands with remnant natural vegetation.
The species diversity indices of standing vegetation and the soil seed bank changed in the different habitats ( Figure 3) . The Shannon-Wiener diversity index for the soil seed bank (F = 8.887, p < 0.001) and standing vegetation (F = 6.101, p < 0.001) was significantly difference in the habitats. The abandoned slope had the lowest Shannon-Wiener diversity index compared to the planted slope and the remnant slope. However, the Pielou evenness index for the soil seed bank and standing vegetation was not significantly difference in different habitats. The Sorensen similarity coefficient between standing vegetation and the soil seed bank changed from 0.19 ± 0.05 to 0.43 ± 0.05, and was significantly difference in the different habitats (F = 6.087, p = 0.001) (Figure 4 ). On the south-facing slope, the similarity coefficient was the lowest on the planted slope, and the highest on the abandoned slope. On the north-facing slope, the similarity coefficient was the lowest on the abandoned slope, and whereas it had similar value in the other two habitats. Regarding the soil seed bank, the similarity coefficient between the planted slope and remnant slope was 0.69 and 0.70, on both the south-and north-facing slopes (for the abandoned slope and remnant slope, it was 0.55 and 0.53 on both the south-and north-facing slopes). Regarding the standing vegetation, the similarity coefficient between the planted slope and remnant slope was 0.41 and 0.52 on both the south-and north-facing slope (for the abandoned slope and remnant slope, it was 0.47 and 0.38 on both the south-and north-facing slope). The Sorensen similarity coefficient between standing vegetation and the soil seed bank changed from 0.19 ± 0.05 to 0.43 ± 0.05, and was significantly difference in the different habitats (F = 6.087, p = 0.001) (Figure 4 ). On the south-facing slope, the similarity coefficient was the lowest on the planted slope, and the highest on the abandoned slope. On the north-facing slope, the similarity coefficient was the lowest on the abandoned slope, and whereas it had similar value in the other two habitats. Regarding the soil seed bank, the similarity coefficient between the planted slope and remnant slope was 0.69 and 0.70, on both the south-and north-facing slopes (for the abandoned slope and remnant slope, it was 0.55 and 0.53 on both the south-and north-facing slopes). Regarding the standing vegetation, the similarity coefficient between the planted slope and remnant slope was 0.41 and 0.52 on both the south-and north-facing slope (for the abandoned slope and remnant slope, it was 0.47 and 0.38 on both the south-and north-facing slope). The proportion of species belonging to different function groups in the soil seed bank and standing vegetation varied among the habitats (Table 2) . In every habitat, the annuals/biennials species constituted more than half of the soil seed bank density (with the exception of the south-facing remnant slope), with the species number taking more than 30%. However, in the vegetation, these species had low coverage, and even no coverage in the south-facing abandoned slope and remnant slope. The species richness of perennial herbs was more than 25% both in the soil seed bank and standing vegetation, but their soil seed bank density was low. A few species belonging to shrub and subshrub were found in the soil seed bank, but in the vegetation they had higher coverage, especially on the south-facing remnant slope and north-facing abandoned slope. In the sampling plots, the native tree species were rare both in the soil seed bank and standing vegetation. The proportion of species belonging to different function groups in the soil seed bank and standing vegetation varied among the habitats (Table 2) . In every habitat, the annuals/biennials species constituted more than half of the soil seed bank density (with the exception of the south-facing remnant slope), with the species number taking more than 30%. However, in the vegetation, these species had low coverage, and even no coverage in the south-facing abandoned slope and remnant slope. The species richness of perennial herbs was more than 25% both in the soil seed bank and standing vegetation, but their soil seed bank density was low. A few species belonging to shrub and subshrub were found in the soil seed bank, but in the vegetation they had higher coverage, especially on the south-facing remnant slope and north-facing abandoned slope. In the sampling plots, the native tree species were rare both in the soil seed bank and standing vegetation. Table 2 . The soil seed bank density and vegetation coverage of different function groups vary among different habitats (A, Annuals/biennials, P, Perennial herbs, G, Perennial grasses, S, shrubs/sub-shrubs, T, Trees). A  6  3  3  2  P  6  12  6  5  5  12  G  5  5  4  3  3  7  S  3  3  2  3  9  6  T  1  1 Note: Ps/Pn-south/north-facing afforested slope land, As/An-south/north-facing abandoned slope land with spontaneous restoration, Rs/Rn-south/north-facing slope lands with remnant natural vegetation.
Items

Discussion
Significant differences in the densities and species diversity of seeds in the soil seed bank among study habitats were found in this study. The density of the soil seed bank in the plantation changed from 2600 ± 378 to 3415 ± 415 seeds/m 2 in the 0-10 cm soil layer. This value was relatively low compared with the correspondent one determined for the abandoned slope land that underwent natural recovery for about 15 years and had a soil seed bank density greater than 10,000 seeds/m 2 [52] . The seed bank density in the plantation was similar to the one for a plantation in the rocky mountain region of Beijing, which was also planted with R. pseudoacacia and other deciduous broadleaf tree or shrub species [53] . The species number of the soil seed bank ranged from 14 to 43. After 30 years of succession, the abandoned slope land had a lower species richness compared to the planted slope, on both south-and north-facing slopes. In addition, the species richness was similar on the planted slope and on the remnant slope. Moreover, the species richness in the standing vegetation was considerably higher on the planted slope than on the abandoned slope, on both the south-and north-facing slopes.
The Shannon-Wiener diversity index and Pielou evenness index of the soil seed bank and standing vegetation were not significantly different for plantation and remnant slope, but they were both higher compared to the abandoned slope land with natural restoration. Species diversity is the main indicator of community changes in the restoration of abandoned land in the Loess Plateau [54] . Therefore, these results indicated that, with respect to the abandoned land with natural restoration, the planting treatment had a positive influence on the diversity of soil seed bank and standing vegetation.
Previous studies in this region also indicated that afforestation can improve soil nutrients, vegetation structure, and species diversity [28, 43, 55, 56] ; in addition, plantations could improve available soil nutrients more significantly than natural grasslands in the gully areas where soil erosion is more serious [56] . In the R. pseudoacacia plantation, soil nutrients and moisture at the superficial soil layer improved with plantation succession age [57] . The planted forest and shrub land can also improve microenvironment factors. They effectively reduce sun radiation, air temperature, and soil temperature fluctuation, and enhance air humidity. Thus, in the study region with abiotic stress for vegetation regeneration, the plantation has a potentially positive role in the restoration of native biodiversity. The benefits of afforestation on the understory microenvironments and its positive role in native species succession were also found in other studies in stressed environments [15, 58] .
The relationship between the soil seed bank and standing vegetation changed with vegetation types, succession period, and management regime. In this study, seeds belonging to annuals and biennials represented a large part of the soil seed bank in each habitat. In contrast, in the vegetation, these species were always present in a small proportion (Table 2 ). This is similar to what was found in studies on the abandoned slope land in this region, which showed that the annuals and biennials can persisted in the soil seed bank with a high density [51] . Even after 30 years of succession the annuals and biennials in the standing vegetation are still more diffused in the plantation than in the remnant slope land. The seeds of grasses, perennial herbs, shrub and subshrubs had a relatively low density in the seed bank, but they were rich in species composition as a consequence of their short longevity in the seed bank. Because of their longevity and ability of vegetative regeneration, these species were the most represented in the standing vegetation [51] .
In the soil seed bank, species similarity between plantation and remnant slope land was high on both the south-and north-facing slopes (similarity coefficients were 0.74 and 0.73, respectively). The dominant species in different successional stages on the abandoned slope land were investigated both in south-facing and north-facing plantation. Among these were the pioneer species A. scoparia, and the later stage species S. bungeana, L. davurica, B. ischcemum, C. chinensis, A. giraldii, A. gmelinii, etc. [44] . At the same time, in standing vegetation, the species similarity between plantation and remnant slope land was also higher compared to the species similarity between plantation and abandoned slope land. Many of the native perennial herbs, grasses and shrubs existed in plantations. In the study region, because of the high gully density, landscape mosaics are formed by patches of remnant vegetation, abandoned farmland, and plantation. This landscape is important for seed transmission from adjacent remnant vegetation patches to the plantation, and maintains the potential for recovery of the transformed sites [59] . Furthermore, plantation can improve the plant growth habitat, and more native species can resettle in plantations, so that the species similarity between plantation and remnant slope land is higher.
The tree species were rare both in the soil seed bank and in the standing vegetation. Even for planted species, the soil seed bank density was low for R. pseudoacacia, and no seed of C. korshinskii was found in the seed bank. The low seed density of R. pseudoacacia may be due to predation in the canopy seed bank and post-dispersal. The seedling of R. pseudoacacia was also rare in the forest. C. korshinskii is a sandy shrub, and seeds of C. korshinskii germinate quickly after dispersal. However, on the Loess land, the seed can-not get into the soil, so nearly all the germinated seeds died because of drought. For these reasons, it was difficulty for these two planted species to regenerate from seeds in the study region. The native tree species in the study region, such as Pyrus betulifolia, Salix matsudana, Populus simonii, Platycladus orientalis, etc. spread sparsely in the background of steppe and shrub [49] . The present vegetation type and pollen records from various topographic units show that herbs were dominant in this region [60] . One previous study indicated that the development of forests on abandoned fields takes 40-50 years in the Loess area of China [54] . However, in the present study, after 30 years of succession, there is no indication that the native forest species will recolonize the region. The lack of available propagule is one critical factor that limits native forest species regeneration [31, 58] . In addition, the climate and Loess soil also limit forest development in this region [49, 60, 61] .
Conclusions
The present study indicated that there is a positive influence of afforestation on the native species restoration, with respect to species diversity of the soil seed bank and standing vegetation. After 30 years of succession, the understory species composition was more similar to the one in the remnant slope than the one in abandoned land with natural restoration. Thus, in a stressed environment with serious erosion soil, afforestation with appropriate species can help the native species to resettle. However, there was rare native shrub resettling, and no tree species resettling in the plantation. More research is needed to determine whether this is caused by a lack of available propagule, or by the climate and deep Loess soil.
